All relevant data are within the paper and its Supporting Information files.

Introduction {#sec001}
============

As in many food sectors, sustainability standards have emerged as a primary market-based assessment and assurance tool for 'sustainable' aquaculture production \[[@pone.0227812.ref001], [@pone.0227812.ref002]\]. There are currently more than 30 aquaculture standards available, ranging from certification schemes to recommendation lists, and representing a diverse set of claims related to food safety, quality, traceability, environmental and social impact \[[@pone.0227812.ref003]\]. What these standards hold in common is the prescription of principles, standards and criteria aimed at restructuring producer practices towards 'improved' forms of production \[[@pone.0227812.ref004]\].

The impact of sustainability standards depends to a large extent on the voluntary compliance of producers to their principles and indicators. This means that farmers are required to change their farming practices, farm management systems and/or shared water infrastructure between farms to meet the expectations prescribed within these principles and indicators \[[@pone.0227812.ref002], [@pone.0227812.ref005]\]. However, standard setters neither discriminate nor differentiate between producers based on their ability to make any improvements necessary for compliance. Instead the so-called 'theory of change' of these standards is based on the assumption that preferential market access will provide incentive enough for producers to invest in these improvements \[[@pone.0227812.ref006]\].

The assumption that market access provides adequate incentive for standard compliance is, however, questionable given that only between one and five percent of global aquaculture production is currently certified \[[@pone.0227812.ref007], [@pone.0227812.ref008]\]. In the shrimp aquaculture sector, for instance, the uptake of certification standards has been limited by the high diversity of production practices, location and farm size \[[@pone.0227812.ref009]\], as well as the differences in sectoral development and government capacities across different regions \[[@pone.0227812.ref010]\]. Another challenge is the presence of multiple standards, each requiring compliance to different standards with different 'sustainability' claims serving domestic and export markets. For example, producers in Thailand, a top five shrimp exporting country, have to comply with both national and international standards to meet the sustainability demands of buyers in the US and EU market \[[@pone.0227812.ref011]\]. For producers, non-compliance with these standards therefore means exclusion from these markets. For standard holders, the non-compliance of these producers limits the overall volume and area of production that meet their environmental and social goals, which in turn undermines the overall effectiveness of standards as a sustainability governance mechanism.

If sustainability standards are to increase the number of farms that are certified globally, we argue they need to move beyond a technical understanding of compliance to instead assess and support the capabilities of farmers to improve their production. 'Technical compliance' refers here to the voluntary performance of improved farming practices in response to standard criteria and their related indicators \[[@pone.0227812.ref012], [@pone.0227812.ref013]\]. Failure to comply with these technical criteria is generally thought to reflect the poor knowledge and/or skills of farmers, which is in turn commonly translated into the need for training programmes \[[@pone.0227812.ref014], [@pone.0227812.ref015]\]. Following the work of Sen \[[@pone.0227812.ref016], [@pone.0227812.ref017]\], a capabilities approach to standard compliance contrasts with this focus of 'skills and knowledge' by focusing instead on the socially mediated conditions that determine access and use of a portfolio of diversified 'capitals' (human, social, natural, physical and financial) by farmers that provide the means by which technical changes to their farming practices can be made (see also \[[@pone.0227812.ref018]--[@pone.0227812.ref020]\]). A capabilities approach also focuses attention on the degree of freedom farmers have to recombine different capitals to increase their capability to comply with standard requirements \[[@pone.0227812.ref021]\].

In this paper we develop a framework based on the capability approach of Sen to explore the extent to which aquaculture standards currently enable farmers to employ different capitals to comply with their technical requirements. Our analysis is divided in to two parts. First, based on the capability framework we analyse the extent to which four aquaculture sustainability standards (Aquaculture Stewardship Council, Global Aquaculture Alliance, Southeast Asian Shrimp Aquaculture Improvement Protocol and the Thai Agricultural Standard) enable producers to mobilise different combinations of capitals and therefore different capabilities for compliance. Second, we analyse how standard setters through their support programmes, designed to directly support producer compliance (see \[[@pone.0227812.ref022]\]), contribute to enhancing farmers' capabilities. Our assumption is that by supporting a more diverse bundle of capitals standards and their support programmes will more effectively support farmers to achieve standard compliance; which can potentially increase the volume and area of certified production and improve the likelihood these standards will reach their environmental and social sustainability goals.

The following section presents the conceptual basis of the capabilities framework and its application to sustainability standards. We then outline the methodology used to operationalise the capabilities framework in our assessment of standards and their support programmes. The rest of the paper reports on the results of our analysis and discusses the potential contribution of the capabilities framework for reimaging the form and function of sustainability standards in the aquaculture sector and beyond.

Capability assessment framework {#sec002}
===============================

Capabilities, sustainability and standards {#sec003}
------------------------------------------

Sen's work on capabilities has been interpreted, discussed and applied in different domains, ranging from economic development, social justice and environmental governance (e.g. \[[@pone.0227812.ref023]--[@pone.0227812.ref025]\]). Common to most if not all applications of a capabilities approach is to go beyond a simplistic view of cause and effect, and instead focus on the conditions which shape specific outcomes. For instance, instead of focusing on income as the cause of food insecurity, a capabilities approach draws attention to the wider social conditions that undermine a person's ability to access and employ resources and skills to realize food security as an entitlement \[[@pone.0227812.ref024]\]. The same logic applies to studies on environmental governance. The negative consequences of environmental degradation is then not only determined by poor resource management, but by the inability of resource users to access and employ (for example) the legal rights needed to engage in effective resource management \[[@pone.0227812.ref026]\].

The notion of capabilities has been applied in certification to examine the extent that skills and knowledge are needed for standard compliance. For example, Lemeilleur's analysis of mango farmers in Peru identified the threshold capital requirements smallholder producers must have to improve their production practices to meet standard requirements \[[@pone.0227812.ref027]\]. Studies applying Sen's capabilities approach to standards are less common. Those that have used his approach have focused on notions of 'rewarding regulation', by analyzing how standards foster learning by producers and new connections with them and private and public actors who can improve their competitiveness \[[@pone.0227812.ref028]\]. Others have focused on the role of standards in affecting rights to resources needed to fulfil sustainability and humanitarian objectives \[[@pone.0227812.ref020]\]. None of these studies have, however, explored how the standards themselves limit or enable farmers to develop the capabilities to comply with their requirements. It is this gap in the literature we contribute to.

Capabilities and capitals {#sec004}
-------------------------

Sen defines a capability as "the ability (a person has) to do (or be) certain things that she has reason to value" \[17, p.1959\]. Sen also argues that capabilities are not natural or intrinsic to an individual, or simply learnt. Capabilities are instead influenced by the social and political conditions within which an individual performs particular sets of 'doings' and 'beings' (which he labels 'functionings'), such as shrimp farming or, more specific in the context of 'sustainable' or 'responsible' aquaculture, production practices compliant to requirements set by a standard. Improving the capabilities of individuals is then not only a matter of transferring the skills, knowledge or infrastructure to perform a given functioning (i.e. to comply), but instead the opportunities an individual has, or is provided, to acquire skills, knowledge or infrastructure necessary to perform the functioning \[[@pone.0227812.ref020], [@pone.0227812.ref029]\].

Sen further argues that the expansion of capabilities affords individuals the freedom to employ various combinations of performing everyday 'doings' and 'beings' \[[@pone.0227812.ref021], [@pone.0227812.ref030]\]. People might need or want to 'do' or 'be' different things, while still aiming to reach the same goal \[[@pone.0227812.ref019]\]. In the context of aquaculture, for instance, the more capabilities farmers have, the greater ability they have to not only meet basic needs and reproduce their practices, but to also actively engage in processes of change towards 'improved' or 'better' forms of production that can lead to wealth, wellbeing and/or sustainable production \[[@pone.0227812.ref031]\]. The potential of such expansion or diversification leads to increased freedom for farmers to make choices about how they improve their production.

The performance and diversification of capabilities, Sen argues, is based on the acquisition and translation of a set of assets or 'capitals' (also see \[[@pone.0227812.ref019], [@pone.0227812.ref032], [@pone.0227812.ref033]\]). Capitals are commonly categorised into five types: human, social, natural, physical and financial capital \[[@pone.0227812.ref033], [@pone.0227812.ref034]\]. Human capital refers to assets like knowledge, skills, health and labour. Social capital refers to for example informal networks, and membership of formalised groups or associations. Natural capital generally refers to natural resources (living and non-living), and/or to access rights to natural resources. Physical capital refers to basic infrastructure, like buildings, transportation, but also production technologies and tools. Financial capital refers to money and 'savings' (in various forms), as well as to access to financial services. [Table 1](#pone.0227812.t001){ref-type="table"} presents the five capitals and related capabilities, and how they enable a person to perform a functioning, or in other words, how capitals contribute to a producer's ability to successfully perform sustainable aquaculture practices.

10.1371/journal.pone.0227812.t001

###### Capitals and related capabilities.

![](pone.0227812.t001){#pone.0227812.t001g}

  Capital                 Assets                                                                                                                                                Capability                                                                                                                                                                             Example
  ----------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Human Capital**       Knowledge, personal health, skills, labour, access to education and training                                                                          Ability to retrieve information, to understand, to reflect, and to physically carry out activities (e.g. to work)                                                                      An educated producer is more likely to correctly read drug prescriptions, thereby realizing the possibility of having a healthy stock
  **Social Capital**      Social networks and informal relationships, memberships of formalized groups or associations                                                          Ability to collaborate with, and learn from others, to engage in reciprocal interactions, to forge and maintain informal and formal relations                                          A producer connected to skilled/educated others (neighbours, co-producers, organization members) is more likely to easily ask for help and having broken tools or system errors fixed in a quick and cost-efficient manner
  **Natural Capital**     Natural resources, both living and non-living (geology, land, soil, water, stocks, genetic resources), and/or rights to access to natural resources   Ability to situate one's practices in an environment/ecosystem which provides necessary inputs for operations, and/or is insensitive (or little sensitive) to a farm's waste outputs   A producer whose farm is located in an area with a year-round water supply of good quality is more likely to enable healthy stock growth
  **Physical Capital**    Energy, irrigation and sanitation systems, buildings, transportation means and infrastructures, production technologies, and equipment                Ability to operate easily, efficiently and effectively or have infrastructures, systems or equipment in place for operating                                                            A producer who has well-designed ponds or cages is more likely to avoid escapes
  **Financial Capital**   Money and savings, access to loans, credits, financial services                                                                                       Ability to purchase goods and services for production, to receive credit or make investments to sustain ongoing and future operations                                                  A financially solvent producer is more likely to be able to do large or long-term investments in improving farm management

This typology of capitals is commonly used to assess the endowment of capitals available to an individual and the translation of these capitals into capabilities that enable them to achieve outcomes related to social wellbeing or environmental sustainability \[[@pone.0227812.ref031], [@pone.0227812.ref035]\]. In this paper we argue that the performance of primary production-related functionings, such as feeding or harvesting shrimp, are also dependent on the capitals available to an individual. As Sen also notes, however, the translation of individual capitals and the expression of individual capabilities is also affected by the social, political, economic conditions in which they exist (what Sen refers to as 'conversion factors') \[[@pone.0227812.ref019], [@pone.0227812.ref021], [@pone.0227812.ref036]\]. These enabling conditions influence both the capitals available to an individual as well as the freedom that individuals have to employ these capitals in developing the capability needed to achieve a goal like standard compliance \[[@pone.0227812.ref037], [@pone.0227812.ref038]\]. Conversely, as the rest of the paper argues, regulatory tools can also be seen and assessed as conditioning capabilities by enabling or limiting the freedom farmers have in meeting their requirements.

Application to sustainability standards {#sec005}
---------------------------------------

The role of sustainability standards is to prescribe the performance of functions related to primary production \[[@pone.0227812.ref014]\]. For shrimp aquaculture, this includes setting and assessing technical criteria for on-farm practices and infrastructure related to pharmaceuticals use, feed, water management, labour and biodiversity (for further detail see \[[@pone.0227812.ref007]\]). However, included in these criteria are also prescriptions of the capitals needed for successful compliance--including the skills and knowledge farmers need to perform 'sustainable' or 'responsible' feeding or health management, or the infrastructure required for water management or biosecurity. Standards are, as such, not only prescriptions of 'practice', but also prescriptions of the capitals required to develop the capabilities to perform the practices needed to comply with standard requirements. To illustrate, in setting a specified survival rate as a measure of animal health, a standard may also require farmers to calculate survival rates from stocking to harvest. As such, standards not only expect information on a technical indicator to be reported, but also prescribes specific human capital (knowledge, skills) to meet those reporting requirements.

The prescription of capitals reflects a utilitarian logic of standards that assumes all farmers need the same capitals to achieve a standardised set of capabilities for compliance. But, as widely shown, this logic of standardisation tends to ignore the diversity of farmers, and the diverse ways of mobilizing skills, finance or social support to be certified (e.g. \[[@pone.0227812.ref039]--[@pone.0227812.ref041]\]). In short, the result of such a utilitarian logic is a narrow focus on specific capitals rather than the functioning they enable \[[@pone.0227812.ref042]\]. Furthermore, this logic fosters high levels of 'specialisation' and narrows the possible number of pathways to compliance down to those prescribed by standard setters \[[@pone.0227812.ref043], [@pone.0227812.ref044]\]. Such specialisation can also reduce the overall capability of farmers to respond to systemic issues like disease. But where farmers have greater freedom to diversify the capitals and therefore pathways to compliance they can also increase their capabilities for not only complying with a standard requirement but also more effectively dealing with the issues that negatively affect their production (see for e.g. \[[@pone.0227812.ref045], [@pone.0227812.ref046]\]).

Following Robeyns \[[@pone.0227812.ref019]\], we argue for a capabilities approach to standard design that focuses attention on the full 'bundle' of capitals that affect an individual's freedom to develop compliance related functionings (see \[[@pone.0227812.ref047]\]). Underlying this approach is the assumption that different bundles of capitals can be used in different combinations to develop the capabilities required for standard compliance. For instance, a standard can prescribe that farmers use their own knowledge (human capital) to change farming practices in order to comply with the health management criteria of a standard (as illustrated in [Fig 1A](#pone.0227812.g001){ref-type="fig"}). Alternatively, if farmers have access to diverse bundle of capitals, they may also use their social capital to learn from others what knowledge and skills are needed in order to comply ([Fig 1B](#pone.0227812.g001){ref-type="fig"}). In doing so farmers use their bundle of capitals to indirectly mobilize the prescribed capital. But a farmer can also use their bundle of capitals to directly draw on social capital to bring in external knowledge to comply with a standard criteria ([Fig 1C](#pone.0227812.g001){ref-type="fig"}); or use social capital to change the physical capital (e.g. shared labour for the construction of a pond) such that the health criteria of a standard can also be met ([Fig 1D](#pone.0227812.g001){ref-type="fig"}). Conversely, if a farmer does not have the knowledge to comply, and only weak social or financial capital, the approach more specifically illuminates why they have limited options for achieving the functioning required for standard compliance.

![**Bundle of capitals** (1A: Capital directly prescribed by standard (standard direct); 1B: Alternative capital used to mobilize a capital prescribed by standard (standard indirect); 1C: Alternative (not prescribed) capital used to directly fulfil standard's criteria (alternative direct); 1D: Alternative (not prescribed) capital used to mobilize another alternative (not prescribed) capital (alternative indirect).](pone.0227812.g001){#pone.0227812.g001}

Methodology {#sec006}
===========

Standards assessed {#sec007}
------------------

For comparative purposes we limit our analysis to four standards that are all applied in a single country: Thailand. Each scheme holds different assumptions of what motivates farmers to improve their practices, either through market incentives or guided non-market improvement. However, the four standards are similar in that they are based on criteria covering a similar range of issues related to responsible or sustainable aquaculture production. The four standards, with a short description, are as follows:

1.  *The Best Aquaculture Practices (BAP) Finfish and Crustacean Farm Standards*, *developed*, *and administrated by the Global Aquaculture Alliance (GAA)* \[[@pone.0227812.ref048]\]. BAP is a global third-party certification scheme, and its Finfish and Crustacean Farm standard is divided into 19 criteria, individually indicated as 'critical', 'major' or 'minor'. The criteria are related to issues like community, environment, animal health and welfare, food safety, biosecurity and traceability. In total, the criteria cover 157 requirements.

2.  *The Aquaculture Stewardship Council (ASC) Shrimp Standard* \[[@pone.0227812.ref049]\]. Like BAP, the ASC is also a global third-party certification scheme. The establishment of the ASC resulted from a series of Aquaculture Dialogues initiated by the World Wide Fund (WWF) and the Dutch Sustainable Trade Initiative (IDH). Its Shrimp Standard is based on seven principles, covering 110 metric-based indicators of farmer performance. A farm must achieve 100% compliance against all indicators in the ASC standard to be certified.

3.  *The Southeast Asian Shrimp Aquaculture Improvement Protocol (SEASAIP) level one standard* set up by the Asian Seafood Improvement Collaborative (ASIC) \[[@pone.0227812.ref050]\]. ASIC is a regional multi-stakeholder arrangement, which has been funded by USAID and the Monterey Bay's Seafood Watch programme. The SEASAIP level one standard has been designed to offer a roadmap for more inclusive improvement of shrimp farming. The standard is divided into eight principles related to production, environment and socio-economic criteria, which are developed based on the existing national standards the region with additional indicators of the Seafood Watch Aquaculture Sustainability criteria. Producers are required to demonstrate their compliance with all of the 78 criteria through a third party audit.

4.  *The Thai Agricultural Standard Good Aquaculture Practices for Marine Shrimp Farms* (GAP-7401) \[[@pone.0227812.ref051]\]. GAP-7401 is a national voluntary public standard developed by the Thai government's standard setting agency of National Bureau of Agricultural Commodity and Food Standards. The 70 requirements of this standard are organised around 10 'items' related to farm management, including energy use, labour, social responsibilities and shrimp health management. The production practices are assessed against these requirements in an initial audit and subsequently re-audited if any improvements are deemed necessary \[[@pone.0227812.ref052]\].

Analysis of standards {#sec008}
---------------------

The analysis is based on the identification and comparison of 1) the 'prescribed' capitals set out by the standards, 2) the 'bundles' of capitals, which comprise both the prescribed capitals and the 'alternative' capitals which farmers could use to develop the capabilities required for complying to the requirements of each standard, and 3) the capitals addressed in the support programmes aimed to assist farmers to improve toward or meet the requirements of the standards. All standards require producers to comply with requirements either at the time of auditing or after the implementation of corrective actions. Therefore, our analysis does not suggest that the employment of different capitals allows farmers to influence audit scoring--e.g. trading off one area of assessment against another. Instead we assess how different capitals can be used to changing production practices and make material improvements to production systems that underpin the overall improvements necessary for standard compliance.

The identification and comparison of the prescribed capitals and the bundles of capitals are made from the perspective of the standards, by interpreting which capitals are explicitly or implicitly included in the different criteria \[[@pone.0227812.ref053]\]. Notably, we were unable to address how farmers interpret which capitals are relevant for improving their capability to comply given the scope and limited resources available for our analysis.

The analysis is carried out in three corresponding steps through mixed methods of analysing both quantitative and qualitative data.

First, 'prescribed capitals' were identified for every criteria of the four standards. The identification of these prescribed capitals was based on our explicit interpretation of the text and allocation of one or more of the capitals that relate to the resources, knowledge, skills, relations that enable producers to develop the capability for compliance. While the schemes mostly prescribed one capital to fulfil a requirement, all present instances of requirements in which more capitals have to be used (BAP: 10 requirements; ASC: 6; SEASAIP: 5; TAS 7401: 2). To ensure accuracy, the allocation of one or more of the five capitals was done iteratively, going back and forth between the capitals (with related capabilities need for compliance in mind), and the interpretation of the standard texts. This involved the lead author making an initial identification of capitals for each criteria and then testing this identification with the other authors.

Once the allocation of capitals was completed, the proportional distribution of prescribed capitals across all criteria for each standard was calculated.

This distribution indicates the relative importance of the different capitals for standard compliance. The more skewed the overall distribution to 1.0, the more compliance to the standard's requirements depends on one capital, which in turn implies producers have limited degrees of freedom in how they can meet these requirements. Conversely, the closer the overall distribution of each capital to 0.2, the greater the degrees of 'freedom' (using Sen's terms) a standard affords to a producer for developing the capabilities necessary for standard compliance. A distribution of, or close to, 0.2 reflects a more equally distributed set of prescribed capitals allowing farmers greater freedom to employ different capabilities and, as such, more diversified compliance strategies. Comparing the four standards allows us to identify the variation in how these schemes address producers' capabilities.

Second, alternative capitals were identified, representing the potential alternative capitals that could be used to develop the capabilities necessary for standard compliance. The identification of the alternative capitals is based on the assumption that the capabilities needed for standard compliance can be realised through different combinations of the five capitals than those prescribed by the standards. These alternative capitals were identified by the authors by mapping out all the possible ways prescribed capitals could be substituted such that a producer could still develop the necessary capabilities to comply with each standard criteria. For example, a farmer can draw on social capital to meet a requirement for which human capital is prescribed, by asking either a friend or family member to provide the skills and knowledge necessary for meeting the requirements of a criteria. In such a case social capital represents one alternative pathway for a producer to develop the capability needed for compliance beyond the use of the prescribed capital.

The proportional distribution of the complete bundle of capitals, combining both the prescribed and alternative capitals, across all criteria was also calculated for each standard. Again, the closer to 1.0 the less degrees of freedom a standard confers to producer compliance, and the closer to 0.2 for each capital the greater the degrees of freedom. The difference between the proportional distribution of prescribed capitals and the bundle of capitals were also calculated, indicating the potential re-distribution and therefore change in the degrees of freedom that standards afford to producers in order to develop their capability for compliance. Also, the variation of the set of five capitals was calculated for each standard, both for the prescribed capitals and the bundles. This variation is measured by the standard deviation (SD), where a low SD indicates that combined the five capitals of a standard tend to be close to 0.2, so representing a larger degree of freedom.

Analysis of support programmes {#sec009}
------------------------------

The final step of our analysis was to assess whether and how the pre-certification support programmes of each of the four standards relate to both the prescribed and alternative capitals.

Publicly available information (online sources) was reviewed \[[@pone.0227812.ref054]--[@pone.0227812.ref056]\] and semi-structured interviews were conducted in person and through Skype (between February 2017 and February 2018) with representatives from the four standard organisations and one official from the Thai Department of Fisheries. The interviews focused on the goal of the support programmes, and the kind of support activities they undertook with farmers. The specific questions asked related directly to the technical assistance, training, capacity building and network support provided by the programmes--with each question linking implicitly (not explicitly) to the five capitals. Based on these interviews we assessed the extent to which the goals and activities of the support programmes make use of the prescribed and alternative capitals identified in the analysis of the standards. This analysis assumed that programmes supporting the development of prescribed capitals stimulate specialised compliance that is achievable by a smaller range of farmers, while those supporting the development of alternative capitals are better able to incorporate diverse pathways for standard compliance that may in turn translate into higher levels of overall participation across the industry.

While systematic, the analysis of the standards and the support programmes remains interpretative \[[@pone.0227812.ref057]\]. To counterbalance any subjective bias in our interpretation the allocation normalization and aggregation steps of our analysis are made available in [S1](#pone.0227812.s001){ref-type="supplementary-material"} to [S4](#pone.0227812.s004){ref-type="supplementary-material"} Tables of the supplementary materials.

Results {#sec010}
=======

Prescribed capitals {#sec011}
-------------------

Our analysis of the prescribed capitals shows that the four schemes assume a very limited range of relevant capitals for developing the capabilities needed for standard compliance.

Human capital is the most dominant capital across all four standards, with an average proportional distribution of 0.62 --larger than the all the other capitals combined (see [Fig 2](#pone.0227812.g002){ref-type="fig"}). The standard deviation (SD) between the standards is 0.08, indicating a relatively high degree of similarity between these standards with regard to human capital (see [Table 2](#pone.0227812.t002){ref-type="table"}). The variation between the standards shows that BAP and SEASAIP have the highest relative reliance on human capital and the Thai TAS 7401 the least. Across all standards human capital is focused on 1) skills and knowledge on farming practices, 2) knowledge on regulations and compliant inputs (e.g. pharmaceuticals and feed), and 3) management skills, including data and documentation skills.

![Comparison of prescribed capitals against a normalised capitals index across four aquaculture standards.\
(BAP---Best Aquaculture Practices; ASC---Aquaculture Stewardship Council; SEASAIP---Southeast Asian Aquaculture Improvement Protocol; TAS 7401---Thai Agricultural Standard).](pone.0227812.g002){#pone.0227812.g002}

10.1371/journal.pone.0227812.t002

###### Relative difference between prescribed capitals and bundles of capitals Standard.

![](pone.0227812.t002){#pone.0227812.t002g}

                                                    Capitals     H      S       N       P      F              SD
  ------------------------------------------------- ------------ ------ ------- ------- ------ -------------- --------------
  BAP                                               Prescribed   0.69   0.05    0.06    0.19   0.01           0.25
  Bundle                                            0.46         0.13   0.04    0.17    0.2    0.14           
  Difference[\*](#t002fn001){ref-type="table-fn"}   -0.23        0.08   -0.02   -0.02   0.19   0.14           
  ASC                                               Prescribed   0.61   0.08    0.13    0.15   0.03           0.21
  Bundle                                            0.47         0.08   0.1     0.16    0.19   0.14           
  Difference[\*](#t002fn001){ref-type="table-fn"}   -0.14        0      -0.03   0.01    0.16   0.1            
  SEASAIP                                           Prescribed   0.69   0.07    0.07    0.17   0              0.25
  Bundle                                            0.42         0.15   0.09    0.11    0.23   0.12           
  Difference[\*](#t002fn001){ref-type="table-fn"}   -0.27        0.08   0.02    -0.06   0.23   0.17           
  TAS 7401                                          Prescribed   0.50   0.1     0.1     0.27   0.03           0.17
  Bundle                                            0.36         0.12   0.08    0.2     0.24   0.10           
  Difference[\*](#t002fn001){ref-type="table-fn"}   -0.14        0.02   -0.02   -0.07   0.21   0.12           
  Average                                           Prescribed   0.62   0.07    0.09    0.20   0.02           0.22
  Bundle                                            0.43         0.12   0.08    0.16    0.21   0.12           
  Difference[\*](#t002fn001){ref-type="table-fn"}   -0.20        0.05   -0.01   -0.03   0.20   0.13           
  SD                                                Prescribed   0.08   0.02    0.03    0.05   0.01           Average 0.06
  Bundle                                            0.04         0.03   0.02    0.03    0.02   Average 0.03   

\* Difference between number of proportion of bundle of capitals increase or decrease from numbers of prescribed capitals

Physical capital, referring to changes in on-farm infrastructure (including ponds, equipment and feed), is ranked second across all standards with an average proportional distribution of 0.20. TAS 7401 places the greatest emphasis on physical capital compared with the other standards with a proportional distribution of 0.27. Overall, however, the SD in physical capital is low at 0.05, again indicating a relatively high degree of similarity between the standards.

The remaining prescribed capitals are far less prevalent than human and physical capital. Natural and social capital have an average proportional distribution of 0.09 and 0.07 respectively, with very low SD between the standards (0.03 and 0.02 respectively). Financial capital was the least prescribed capital with an average proportional distribution of 0.02 (and with a SD between the standards of 0.01). Notably, SEASAIP makes no prescription of financial capital at all, which appears to reflect its aim to reduce the financial burden for farmers when complying with their standard.

When combined, the prescribed capitals show that BAP and SEASAIP are more specialized, both have a SD of 0.25. TAS 7401 presents, on average, the most degrees of freedom for the prescribed capitals, while ASC falls in between (with a SD of 0.17 respectively 0.21).

Bundles of capitals {#sec012}
-------------------

The analysis of bundles of capitals shows that a more diverse set of capitals are possible for standard compliance than are currently prescribed. It is also apparent that these bundles, consisting of both prescribed and alternative capitals, offer a greater degree of freedom for developing the necessary capabilities for compliance than the prescribed capitals. The SD between capitals in these bundles is 0.03, which is half of the SD between prescribed capitals at 0.06. Of the four standards TAS 7401 has the most potential degree of freedom, with an SD between capitals of 0.1, followed by SEASAIP, with ASC exhibiting the same SD between capitals as BAP.

Human capital remains the most dominant capital in the bundles of capitals across all standards with an average proportional distribution of 0.43, but less important (0.20 lower) than when it is a prescribed capital (see [Fig 3](#pone.0227812.g003){ref-type="fig"}). SEASAIP and BAP show the largest redistribution with a 0.27 and 0.23 shift from the prescription of human capital respectively. Correspondingly, the proportional distribution of financial capital increases by 0.20 from its prescribed level to become the second most important capital; indicating (as expected) that capitals are able to be monetised and exchanged. Social capital has smaller increases, ranging from 0.02 to 0.08, except for ASC where no change was observed. Physical capital is the third most important capital in the bundles overall, with a proportional distribution of 0.16, but decreased from its prescribed level in all standards, except for ASC. Natural capital remains the least important capital, with a proportional distribution of 0.08.

![Comparison of bundle of capitals across against a normalised capitals index four aquaculture standards.\
(BAP---Best Aquaculture Practices; ASC---Aquaculture Stewardship Council; SEASAIP---Southeast Asian Aquaculture Improvement Protocol; TAS 7401---Thai Agricultural Standard).](pone.0227812.g003){#pone.0227812.g003}

Overall, these results show that both financial and social capital present the most promising alternative means for farmers to develop the necessary capabilities for standard compliance. The increase in social capital in the bundles of capitals demonstrates the potential of social networks (and/or formal organisations such as shrimp clusters or cooperatives) to increase human capital by, for example, enabling shared learning of compliance related skills and knowledge. As expected, financial capital can enable producers to 'buy in' assistance, thereby bypassing their own lack of human capital, or invest in equipment or infrastructure. However, it is also noted that the combined proportional increase of social and financial capital indicates they may also be interlinked. As argued elsewhere (see \[[@pone.0227812.ref058], [@pone.0227812.ref059]\]), the ability to secure financial capital is largely dependent on the social relations of farmers, especially when they do not have access to formal sources of finance and credit.

In comparing the standards, on average the bundles of capitals show that BAP and ASC remain relatively specialized, with a SD of 0.14 (see [Fig 4](#pone.0227812.g004){ref-type="fig"}). TAS 7401 has the lowest SD of 0.1, meaning that the capitals are more equally distributed, thereby providing higher degrees of freedom to farmers. Whilst SEASAIP represents the middle position, it does have the largest difference in SD between the prescribed capitals and the bundles of capitals.

![Comparison of average deviation between prescribed and bundles of capitals for four aquaculture standards.\
(BAP---Best Aquaculture Practices; ASC---Aquaculture Stewardship Council; SEASAIP---Southeast Asian Aquaculture Improvement Protocol; TAS 7401---Thai Agricultural Standard).](pone.0227812.g004){#pone.0227812.g004}

Certification support program {#sec013}
-----------------------------

Our analysis indicates that the support programmes are strongly aligned with the prescribed capitals found in the standards. However, they also appear to be shifting their support beyond these prescribed capitals to a more diversified bundle of capitals (see [Table 3](#pone.0227812.t003){ref-type="table"}). We observe this apparent shift in five ways.

10.1371/journal.pone.0227812.t003

###### Certification support programs and supported capitals.

![](pone.0227812.t003){#pone.0227812.t003g}

  Standard                                                        Indicators                             BAP   ASC   SEASAIP   TAS 7401
  --------------------------------------------------------------- -------------------------------------- ----- ----- --------- ----------
  **Human Capital**                                               Skills                                 ✓     ✓     ✓         ✓
  Knowledge                                                       ✓                                      ✓     ✓     ✓         
  Labour management                                               X                                      X     X     X         
  Farming, pound management                                       ✓                                      ✓     ✓     ✓         
  Documentation, Data collection                                  ✓                                      X     o     ✓         
  General assessment                                              X                                      o     X     X         
  **Social Capital**                                              Knowledge sharing                      ✓     ✓     ✓         ✓
  Connections with others                                         ✓                                      ✓     ✓     ✓         
  Communication with community                                    ✓                                      X     ✓     ✓         
  Communication with authorities                                  X                                      X     X     ✓         
  Social network, connection with suppliers                       ✓                                      ✓     ✓     ✓         
  Participate in social organization, collective representation   ✓                                      X     ✓     ✓         
  **Natural Capital**                                             Farm location                          X     X     X         X
  Natural barriers                                                X                                      X     X     X         
  Water, soil quality                                             X                                      X     X     X         
  Specific shrimp larvae species                                  X                                      X     X     X         
  Restoring the area                                              X                                      X     X     X         
  **Physical Capital**                                            Infrastructure                         o     o     o         o
  Approved equipment, devices, materials                          o                                      X     o     o         
  Container, storage                                              X                                      X     X     X         
  Approved probiotics                                             X                                      X     X     ✓         
  Specific feeds                                                  o                                      o     o     o         
  Irrigation, feeding system                                      X                                      X     X     X         
  **Financial Capital**                                           Purchasing certified, specific feeds   o     X     o         o
  Hiring assistant                                                X                                      X     X     X         
  Assistance for construction                                     o                                      o     X     ✓         
  Buying proper equipment, supplies                               o                                      o     X     ✓         
  Hiring expert to conduct assessment                             X                                      X     X     X         

Note: ✓ = Receives direct support on the capital, o = Receives indirect support through other capital, X = Does not receive support on the capital

First, representatives of the standard's support programmes explicitly recognized the challenges farmers, who do requisite capabilities for compliance, face. They also acknowledged that, despite the often homogenising nature of the standard requirements, there is no archetypal farmer. Instead, the broad variation of 'capitals' held by farmers means there is a need for more flexible compliance strategies. For example, ASC expressed that they "should not only look at those producers who are close to ASC level \[...\] but also those below the level for whom it is very difficult to move forward due to a lack of money or technical resources (sic.)". Similarly, a SEASAIP representative argued that farmers who are "doing things differently" to what is prescribed by the standards, should also be given recognition because they might be moving towards the goals of standards. As summarised in [Table 3](#pone.0227812.t003){ref-type="table"}, this translates into both direct support to prescribed capitals linked to the standard criteria and indirect support to alternative capitals that can also enable farmers' capabilities to comply.

Second, the support programmes place a strong emphasis on human capital in terms of training, albeit through different channels. For example, the BAP representative explained that the iBAP programme bring in farms into BAP certification programme in "a more step-wise fashion" by providing step-by-step improvement plan and training through collaboration with processors involved in their programme \[[@pone.0227812.ref055]\]. ASC, while developing their own support programme, also collaborates with NGOs and processors to foster knowledge sharing in the form of deliver training or transition improvement programme (see [S5 Table](#pone.0227812.s005){ref-type="supplementary-material"}). By working with organisations beyond traditional extension services, BAP for instance collaborates with DoF in providing training through Seafood Taskforce, and ASC and TAS 7401 have partnered with organisations that are more connected to local farmers, such as WWF Thailand, local DoF and farmers cooperatives. These collaborations open up the possibility for different indirect channels of support for increasing the human capital of farmers required for compliance.

Third, support to human capital is closely related to support to social capital. All of the support programmes provide support to developing cooperative or group certification. Both the iBAP programme and ASC, for example, promote group certification in collaboration with their processors. BAP highlighted that \"a more structured and formalized environment helps the group move along step-wise toward compliance". SEASAIP and TAS 7401 engage farmers through a mix of NGOs, government extension and 'pilot' farmers. In all cases, the support programmes enrol farmers for training by a mix of peer-to-peer exchange, and by developing the capacity of groups to increase their economies of scale (for using compliant inputs and developing shared water infrastructure). Underlying these group activities is an implicit assumption that improved social capital will improve knowledge sharing for developing standard compliance capabilities, which in turn reduces the costs of certification.

Fourth, a mix of human and physical capital is observed through support given to what can be collectively labelled 'information infrastructures' by the support programmes. Most commonly this involves the development of reporting tools at the farm level and shared information systems at the cluster or group level. For example, SEASAIP attempted to develop a range of information technology systems for automatically measuring pond conditions which can feed into automated forms of compliance assessment. Integrating this with smartphone devices would allow to collect data directly from farms and cooperatives and digitalise them \[[@pone.0227812.ref060]\]. Similarly BAP intends to facilitate data collection with mobile devices. In all cases, the adoption of these 'physical' devices for data collection is aimed at supplementing the human capital (skills and knowledge) required for standard compliance.

Fifth, support to financial capital is provided across all support programmes, but often in combination with other capitals. The representative from BAP, for instance, stated that "there are actual investments to be made in farms, but farmers are either on their own or have processers as their sponsor". Therefore, they focus on processors and collaborations with the Sustainable Trade Initiative (IDH) to provide financial support for changes identified in iBAP \[[@pone.0227812.ref055]\]. SEASAIP shared a similar vision, stating that financial support or an investment fund is needed so "farmers can tap into support and make improvements like infrastructure building". For this, SEASAIP emphasized social capital, the partnership with supply chain actors, to share responsibility for certification and compliance costs. ASC and TAS 7401 also emphasize building social capital, by highlighting the need of in creating linkages to facilitate credits from existing financial institutions.

Overall, a wider set of capitals are taken up in the support programmes than observed in analysis of prescribed capitals, which focuses more narrowly on human capital. This indicates that certification schemes recognise the role that multiple capitals can play in support capabilities to ultimately comply with their standards.

Discussion {#sec014}
==========

The capabilities approach to aquaculture standards developed in this paper provides a new way of understanding producer compliance and improved production practices. Rather than evaluating compliance in terms of performing standard requirements, our approach focuses on the means by which producers can overcome limitations to and seek opportunities for improving their compliance capabilities.

Our findings have direct consequences for the content of standards and the conduct of their support programmes. Instead of (implicitly or explicitly) prescribing a narrow set of prescribed capitals for standard compliance, our analysis demonstrates there are bundles of capitals that farmers could draw upon for developing their compliance capabilities. While still exploratory, we also argue that if standards explicitly support the access or the development of alternative capitals they can in turn increase the potential number of producers who are able to respond to comply with their requirements. A capabilities approach could therefore enable standard organisations to respond to the key limitations they face in enabling producers, and especially small-holder producers \[[@pone.0227812.ref061]\] who are far below the level required for certification, to comply and be certified and, as such, increase their overall environmental and social impact.

More specifically, the results indicate that the over-reliance on human capital as a basis for compliance is too narrow. As presented in [Table 2](#pone.0227812.t002){ref-type="table"}, all four standards analysed predominantly prescribe human capital as a means of standard compliance rather than social, financial, natural and physical capital. This in turn indicates a highly specialised and uniform mode of mobilizing capitals to meet their specific requirements. This specialised and uniform prescription of capitals can be considered an efficient way to improve production practices and comply with the standard (similar to the findings related to livelihoods of \[[@pone.0227812.ref062]\]). But specialisation also comes at a cost, as it reduces the degree of freedom that farmers have to employ their wider capabilities to develop the 'functionings' required for compliance (e.g. \[[@pone.0227812.ref046], [@pone.0227812.ref047]\]). Diversification through bundles of capitals, by contrast, can foster a higher degree of freedom that, when afforded to farmers, improves their capability to overcome limitations to standard compliance brought about by an over reliance on human capital alone. However, we also recognise that diversification can also come at a cost because it demands investments in capitals that may be ultimately redundant to compliance capabilities.

The results also reveal that, although largely unintentionally, all standards and their support programmes do currently allow for diversified bundles of capitals which can afford producers a greater degree of freedom in developing their compliance capabilities (cf. \[[@pone.0227812.ref063]\]). Human capital remains the most important capital for standard compliance in these alternative bundles. But, as we demonstrate, human capital can be replaced by social and financial capitals for most standard criteria--for example, through mobilizing skills and knowledge through collaboration and hired assistance. Key to this 'substitution' is the assumption that capitals are able to be converted from one capital into another capital (see \[[@pone.0227812.ref047], [@pone.0227812.ref064]\]). While we find that such conversion is possible in a large number of instances, it is also evident that not all capitals are equally convertible. For instance, while financial and social capitals provide farmers with more flexibility, natural and physical capitals (e.g. ponds, farm location, equipment) are not easily converted into other capitals. Furthermore, the conversion of capitals, regardless of the capability of a producer, is also influenced by wider social conditions beyond the control of standards and individuals. For example, rules and norms that structure access and control to natural resources such as land and water can either constrain or enable the extent to which capitals can be transformed or substituted \[[@pone.0227812.ref065]\].

Finally, our findings indicate that while standards continue to prescribe a narrow set of capitals they support a wider bundle of capitals in their support programmes. Again, while perhaps not intentional, the attention given to social, financial and physical capital (in addition to human capital) in these support programmes indicates a clear recognition of the breadth of the capabilities needed to comply with the standards. However, the ongoing mismatch between support programmes and prescriptive standards indicates that the standards are not yet fully aware of this potential. We see three opportunities for these support programmes to align their programmes with standards moving forward. First, they can explicitly identify the bundles of capitals, so both the prescriptive and alternative capitals, which producers need to improve their compliance with standard criteria and design their programme to support these capitals. Second, support programmes can attempt to change the social conditions that limit or enable producers to access their endowment of capitals or enable producers to convert one capital into another. Third, these programmes could support farmers to develop the capabilities needed to change the social conditions surrounding them that limit their ability to access or convert the capitals needed for improving the environmental and social performance of production and standard compliance.

Conclusion {#sec015}
==========

This paper presents demonstrates how the adoption of a capabilities approach can enable aquaculture standards to better support producer compliance by moving from a narrow focus on prescribed capitals to a more diversified bundle of both prescribed and alternative capitals. We argue that by supporting the development of these bundles of capitals producers are more likely to have greater freedom in developing the compliance capabilities that best suit the often dynamic social and environmental context in which they are embedded. Adopting a 'bundled approach' to developing producer capabilities means changes to the content of standard requirements as well as standard support programmes. In both instances attention needs to shift away from the skills and knowledge farmers need for compliance and instead focus on the social conditions that limit access to the capitals producers require for developing more adaptive compliance capabilities.

The results presented in this paper remain preliminary in that our analysis of both the standards and support programmes was not conducted in situ--that is, analysing the compliance challenges producers face given their local context. Further research is needed to further explore the potential of a capabilities approach to standard design. Particular attention should be given to explore which capitals producers use to respond to standard requirements in practice, as well as the social conditions that affect their ability to access and convert capabilities to develop compliance capabilities. Furthermore, attention could also be given to the practicalities of translating the capabilities approach presented into the re-design of standards and their support programmes. In doing so questions should further explore how the 'theory of change' of standards can be redesigned to more effectively foster greater progress towards more sustainable production.
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